This study is of a family with a syndrome of atrial fibrillation or flutter with advanced or complete atrioventricular (A-V) block, involving four members in two generations. Less serious arrhythmias were documented in another 15 members (three generations). Inheritance was by autosomal dominance with varying degrees of expression. An atrial biopsy was obtained in one of the members, a 40-year-old female who had atrial flutter with advanced A-V block proximal to the His bundle (H-V interval of 39 msec). Intracellular action potential (IAP) recordings from this tissue revealed: 1) partially depolarized cells with depressed IAP amplitude, 2) phase IV diastolic depolarization with spontaneous firing, 3) diminished excitability and responsiveness, and 4) decremental conduction with local block and re-entry. Histological findings revealed vacuolar degeneration, hypertrophy, and early necrosis of atrial cells.
IN 1901, Morquio described a family with a syndrome of Stokes-Adams attacks, slow pulse rates, and sudden death.1 Since this first description of familial arrhythmias, other families have been reported with sinus node disease, atrial standstill, atrioventricular (A-V) dissociation, first degree A-V block, atrial fibrillation, sinus bradyeardia with A-V block, bundle branch block (uni-, bi-, and trifascicular block), and bidirectional tachycardia.2 14 In most instances of familial arrhythmia the mode of inheritance has been that of autosomal dominant with varying degrees of expression.
Pathological and electrophysiological observations in patients with familial arrhythmias have been limited. We have recently had the opportunity of examining a large family with atrial arrhythmia and A-V block. An atrial biopsy specimen was obtained in one of the members at the time of epicardial pacemaker implantation. In this report, the electrophysiological and pathological characteristics of this tissue are described, and the relevance of these findings in regard to familial conduction disease are discussed. Methods The propositus (third generation), a 40-year-old female, was referred to the University of Illinois for evaluation of atrial arrhythmia. Information concerning other members of the family was obtained from direct interviews, correspondence with family physicians, and examination of hospital records. Specimen electrocardiograms were obtained on all second, third, and fourth generation members of the family. Diagnostic Weigert-van Gieson, Periodic-acid Schiff, Gomori's trichrome, and hemotoxylin-basic fuchsin-picric acid. Sections were also stained for amyloid.
Electrophysiological Studies
Immediately following excision, a portion of the atrial specimen was placed into a thermos containing oxygenated modified Tyrodes solution, which had previously been equilibrated with 95% 02 and 5% CO2. The specimen was subsequently transferred to a bath and perfused with oxygenated Tyrodes solution containing NaCl, 137 mM; KCI, 4 mM; CaCd2, 2.7 mM; NaCO3, 12 mM; NaH2PO4, 1.8 mM; MaCI2, 0.5 mM; glucose, and 5.5 mM at a temperature of 37 ± 0.50 C and a pH of 7.38.
Transmembrane potentials were recorded with standard glass microelectrodes filled with 3 M KCI and having dc resistances of 15 to 24 megaohms and tip potentials of 5 mV or less. Microelectrodes were coupled to a conventional cathode follower (Bioelectric, type NFI) using a Ag/AgCl/3 M KCI junction. Recordings were obtained during spontaneous beating and stimulation at rates ranging from 30-180 beats/min. Stimuli were provided by pulse and waveform generators (Tektronix 161 and 162), isolated from ground by means of radio-frequency oscillators, and applied to the surface of the specimen through bipolar silver wire electrodes which were teflon coated except at the tips. Intracellular potentials were displayed on a Tektronix type 565 oscilloscope and recorded on 35 mm film along with reference signals for provision of time and voltage calibrations. Data collection was first initiated following a one-hour equilibration period and was substantially complete two hours later.
The endocardial surface of the specimen was extensively explored by using glass microelectrodes. Electrophysiological properties were assessed utilizing conventional recording and stimulating techniques. Conductivity and the characteristics of impulse spread were determined by using conduction times between two microelectrodes 1-2 mm apart on the longitudinal axis of a selected trabeculum and 1 mm distal to a bipolar stimulating electrode. The maternal uncle of the propositus was found to have first degree A-V block at age 53. Atrial fibrillation with complete A-V block was noted at age 58. In the ensuing years, he developed signs and symptoms of congestive heart failure. A permanent pacemaker was implanted at age 62. Repeated admissions followed for heart failure until his death at age 67. The family consisted of 61 members. Criteria for diagnosis of definite involvement necessitated the combination of atrial fibrillation or flutter with advanced or complete A-V block. Four members, three in the second generation and one in the third generation, are thus considered to have definite involvement (see cases 1-4 above). Criteria for possible involvement included one of the following: Slow heart rate by history, sudden death under the age of 35 years, atrial fibrillation without A-V block, first degree A-V block, persistent sinus bradyeardia, wandering atrial pacemaker, and multifocal atrial premature beats. Excitability and conductivity were depressed to a marked degree (fig. 4) Despite a voluminous literature, the mechanisms underlying initiation and perpetuation of chronic atrial flutter and fibrillation have not as yet been entirely clarified. Controversies persist as to whether these dysrhythmias result from enhancement of normal or development of abnormal automaticity in a single ectopic locus or in multiple loci, from slow conduction and re-entry, or some combination of these factors. [19] [20] [21] [22] [23] Findings in this study and other studies'5' 24-27 suggest that the electrophysiologic properties of specimens of atrium from patients with atrial disease and dysrhythmia differ from normal in a number of major respects. The most striking difference was the presence of spontaneously firing cells exhibiting typical pacemaker-like characteristics similar to those found in S-A nodal cells. In most instances, including the specimen under discussion, these cells appeared to be gathered into one or more discrete foci, emphasizing multifocal pacemaker activity as a cause of atrial flutter and fibrillation. It is of interest that these foci were characterized by intense degrees of local block which gave them many of the attributes of parasystole.',' 28 29 The specimens also were characterized by the presence of large numbers of partially depolarized fibers, considerable local differences in diastolic potential and in action potential configuration and duration, altered responsiveness, depressed and decremental conduction, multiple regions of local block, and a variety of oscillatory after and pre potentials. Since such conditions might be expected to predispose to fragmentation of the excitation wave and re-entrant excitation, they suggest that altered conduction and re-entry represent a second major factor underlying sustained atrial tachyarrhythmias. Coupled extrasystoles and other forms of re-entrant type activity were, in fact, quite common. 15 20 The existence of such conditions, particularly the oscillatory potentials and the abrupt local differences in potential, further suggests that the so-called abnormal automatic mechanisms, including boundary currents and after potentials,30 also may be contributory. The multiplicity of electrophysiologic disturbances within a single specimen makes it tempting to speculate that chronicity of atrial flutter and fibrillation may well be related to the simultaneous operation of multiple mechanisms.
Results

Report of Cases
This analysis presumes that the observed changes in the specimens are representative of other portions of the atrium. However, this is not a necessary presumption, since it is possible that multifocal ectopic activity and multiple regions of local block of varying degrees within even a small region, e.g., the atrial appendage, Circulation, Volume 50, December 1974 could predispose to sustained dysrhythmia irrespective of the condition of the remainder of the atrium. Findings that application of agents such as aconitine to a localized portion of the atrium can induce such dysrhythmias supports this conclusion. 3' 32 The electrophysiologic disturbances in the specimen from case one are consistent with the occurrence of chronic atrial tachyarrhythmias in this patient. In addition, these electrophysiological changes are presumably representative of those present in the atria of other affected family members and are also consistent with dysrhythmias exhibited by the latter. This seems reasonable in light of the comparability of changes in the specimen from case 1 with those reported for other patients with chronic atrial disease and dysrhythmia.'5' 24 The validity of this analysis would be enhanced if, as appears likely from the histories on older family members, the patient described in case 1 eventually goes on to develop chronic fibrillation.
The extent to which the morphologic changes in the specimen from case one relate to the observed electrophysiologic disturbances is not clearly defined. The diffuseness of the degenerative changes would appear to correlate well with the diffuseness and severity of the electrophysiologic disturbances, particularly the disorganization of conduction. One striking finding was that, in contrast to a previous study,"5 occurrence of pacemaker-like activity was not associated with the presence of specialized fibers as defined by histologic criteria. Observations such as these emphasize the need for further investigation designed to assess the interrelationships between changes in structure and electrical activity and thus provide added insight into the link between the functional and morphological bases of cardiac arrhythmias.
The pathological basis for the A-V block in this family is unknown since there were no anatomic studies of the A-V conduction system. However, electrocardiographic analysis of all affected members revealed narrow QRS with no evidence of intraventricular conduction disease. His bundle studies in case 1 revealed a site of block proximal to the His bundle with normal H-V interval. These observations suggest that A-V block occurred in the A-V node or in its atrial approaches. Block in the latter site would correspond to our finding of extensive electrophysiological abnormalities demonstrated in the atrial specimen.
